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Steady water surfaces are present around ships moving at a constant speed in open waters or in 
straight canals, but also in confluences of rivers or canals. Numerical simulation of these steady free 
surfaces can be performed with a fitting or a capturing method. While capturing methods use a 
stationary grid and some marker to indicate the presence of water, fitting methods deform the grid 
such that the water surface corresponds with the top of the grid. 
Several fitting methods involve a (pseudo) time stepping process with limited step size for stability 
and are consequently not efficient in cases where steady state is only reached after a long physical 
time. By contrast, the technique developed by van Brummelen et al. (JCP 2001) is truly steady, but 
requires a coupled solver where the pressure gradient and vertical velocity can be combined implicitly 
in a boundary condition. The goal of this research is to develop a new fitting method for steady free 
surface flow using a general-purpose steady CFD solver. 
To support this development, an analysis of a simplified test case has been performed, namely two-
dimensional, incompressible and inviscid flow over a flat bottom, with a specified mean flow velocity 
and water depth. The relation between a sinusoidal perturbation of the free surface and the resulting 
perturbation of the pressure in the flow at the top of the domain has been calculated for different 
ratios of the water depth to wave number and water depth to flow velocity (Froude number).  
With the insight from this stability analysis, different iterative schemes are investigated. Quasi-
Newton techniques can deal with unstable modes and modes which converge slowly, but the latter 
increase in number as the mesh is refined, requiring multi-grid or other techniques. 
